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life-support protocols. Each of these 
conditions requires de� nitive medical 
and surgical care before addressing 
the effects on the patient of irradiation 
or contamination. At the same time, if 
numbers of incoming patients are highly 
contaminated, it is critical that health 
care workers wear appropriate personal 
protective clothing and equipment and 
practice the principles of ALARA and 
protective hygiene, as discussed above. 

 In the face of signi� cant acute 
whole-body doses, surgeries need to be 
performed within the � rst 24�36 hours 

are no substantiated reports of anyone 
surviving a 10-Sv whole-body dose. 

 For a radiation event in which there 
has been an explosion, patients may 
present with blast injuries, blunt and 
penetrating trauma (including lacera-
tions and open wounds), and hemor-
rhage, as well as thermal and chemical 
burns. As with any other serious medi-
cal condition, the � rst priority involves 
the stabilization of medical and surgical 
conditions according to routine emer-
gency medicine standards of care or, 
for the severely injured, advanced trauma 

need to be modi� ed depending on avail-
able personnel, laboratory capacity, hos-
pital beds, and other infrastructure. 

 The probability of survival depends 
largely on dose. In broadest terms, LD 50/60  
for individuals without pre-existing, un-
derlying comorbidity but who receive no 
specialized medical attention is on the 
order of 3.5�4 Sv, as mentioned above. 
Some clinical evidence and laboratory 
studies suggest that with excellent sup-
portive care, victims may recover follow-
ing acute whole-body exposures of 5�6 Sv, 
and a few of as much as 7�8 Sv. There 

Figure 2

Figure 2:  Medical treatment prioritization � ow diagram for those exposed to ionizing radiation and/or contaminated with 
radioactivity. (Diagram courtesy of REAC/TS, Oak Ridge, Tenn.)
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with white blood cell differential and 
serum amylase. 

 A person�s location relative to a 
 radiation source and to any shielding can 
be an important metric for establishing 
dose. Victims should be asked where 
they were at the time of the event and 
whether they were screened by any pro-
tective barriers. Public health depart-
ments may be able to provide estimates 
of dose at various locations soon after 
an event, based on environmental moni-
toring and modeling and on information 
provided by the U.S. Department of En-
ergy, the U.S. Department of Homeland 
Security, state agencies, and others. 

 With an acute whole-body dose 
greater than 1 Sv, typical symptoms of 
nausea, vomiting, weakness, and fatigue 
may present within hours. A widely ac-
cepted approach to estimating exposure, 
especially in conjunction with decre-
ments in the absolute lymphocyte count, 
is based on an empirical relationship be-
tween dose received and the average time 
to emesis ( 53,54 ) ( Fig 3   and Table 8 ). 
If robust laboratory capacity is absent, 
tracking the onset of nausea and vomit-
ing may be among the only tools clini-
cians have to diagnose ARS. These early 
effects are fairly nonspeci� c, however, 
and may not be readily distinguishable 
from the prodromes of more commonly 

might otherwise give rise to severe health 
effects, as will be discussed below. 

 Psychologic issues will also be im-
portant ( 51 ). Many individuals who ar-
rive at the ED will be physically intact 
but emotionally traumatized, those 
sometimes called the �worried well.� Fol-
lowing a radiologic accident in Goiânia, 
Brazil, in 1987, for example, more than 
110 000 people were concerned enough 
to request a radiologic survey ( 52 ). In 
such an event, people cleared of physi-
cal trauma and radiation exposure can 
be reassured and released from the hos-
pital and referred to counseling if there 
are indications of need for it. 

 Finally, in a chaotic situation with 
many people highly agitated and in 
confused states of mind, a simple but 
effective way to track the contamina-
tion status, diagnosis, and treatment of 
patients over time is to attach a hard 
copy of the medical record package, or 
at least a brief note, either to clothing 
or to a cord hung around the neck. 

 Determining Dose and Dose Rate 
 Some readily obtainable patient infor-
mation can help clinicians make es-
timates of exposure, which assist in 
guiding management. This information 
includes the incident and medical histo-
ries, the time to the onset of vomiting, 
and the results of several simple blood 
tests, such as the complete blood count 

because patients with acute hemato-
poietic syndrome typically exhibit poor 
wound healing and are immunologically 
incompetent; they are at a heightened 
risk for infection when procedures are 
delayed. This approach is reasonable 
because persons with a good chance of 
long-term survival will not die within 
the � rst few days solely because of their 
radiation exposures. Nonetheless, any-
one suspected of having received several 
sieverts should receive no further radia-
tion exposure (ie, for diagnostic purposes) 
unless absolutely necessary. 

 Early radiation-treatment decisions, 
conversely, are based on signs and 
symptoms evident during the � rst 24�48 
hours and on the results of  laboratory 
tests performed during that time. The 
addition of traumatic injury, burns, or 
some pre-existing conditions (eg, diabe-
tes mellitus) to signi� cant radiation ex-
posure results in a so-called  combined 
injury . Victims with combined injury 
are more likely to exhibit severe health 
effects at lower doses, and have a signif-
icantly reduced probability of recovery 
from high exposures. That is, morbid-
ity and mortality from radiation injuries 
and illnesses increase dramatically in 
the face of trauma and/or burns. 

 If heavy internal contamination is sus-
pected, signi� cant intervention may be re-
quired early on to prevent incorporation 
of radionuclides into critical organs, which 

Figure 3 Table 8

Percentage of the Population Who 
Experience Emesis Following Various 
Levels of Whole-Body Exposure, and 
Average Time Until It Occurs

Dose (Sv)
Percentage of 
Population

Time to 
Emesis (h)

0
1 20
2 35 4.6
3 55 2.6
4 70 1.7
5 85 1.3
6 95 1.0
7 98 0.8
8 99 0.7
9 100 0.6
10 100 0.5

Note.—Used, with permission, from the REAC/TS 
Accident Registry.

Figure 3: An early clini-
cal indicator of the degree 
of exposure to ionizing 
radiation is the time to 
onset of emesis. The more 
vertical single regression 
line was � tted by Goans 
and Waselenko (53) to 
108 data points contained 
in the REAC/TS database. 
A reanalysis by Parker and 
Parker (54) of the same 
data includes a new best 
� t line: ln D = 1.50�0.57 
ln TE, where dose, D, is in 
grays, and time to emesis, 
TE, in hours. Also shown 
are a pair of 61s con� -
dence limit lines, where 
the standard error (s) in ln 
D is 0.65.
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damage ( 59 ), but occasionally the re-
pair is carried out incorrectly. Among 
the most visible of resulting errors 

the tube at room temperature�do not 
refrigerate). A cell will attempt to re-
pair some radiogenic chromosomal 

encountered illnesses. It has recently 
been argued, moreover, that time to on-
set of emesis should be used with cau-
tion as an estimator of dose, because 
it is �imprecise and may lead to a very 
high false-positive rate� ( 55 ). Clinicians 
should look for other adverse health ef-
fects in their patients, as well, to rule in 
or rule out alternative diagnoses. 

 If laboratory capacity remains intact, 
tracking the rate and magnitude of de-
cline in absolute lymphocyte counts over 
a period of hours to days, a technique 
sometimes called  lymphocyte deple-
tion kinetics , serves as the single best 
estimator of radiation exposure and 
clinical outcome (Fig 4a). A decrease 
in absolute lymphocyte levels may be 
observed at whole-body doses as low 
as 100 mSv (10 rem) ( 56�58 ), but clini-
cally signi� cant decrements may not be 
seen below 1�2 Sv. Depending on the 
absorbed dose, such changes can be-
gin within hours of exposure, so cur-
rent recommendations are to perform 
a complete blood count with differential 
as a baseline right away, and then every 
6�12 hours thereafter for 2�3 days. The 
complete blood count is relatively inex-
pensive and can be performed quickly. 
Dose-response curves have been devel-
oped for lymphocyte depletion allowing 
physicians to determine the possibility 
of impending signi� cant ARS ( Table 9  ).  
The kinetics of various peripheral he-
matopoietic component cell populations 
over longer periods of time ( Fig 4b ), and 
their dependence on dose, in particular, 
will be discussed below. 

 An elevated serum amylase provides 
a supplementary piece of information 
that may also be an early sign of serious 
radiation exposure involving the head and 
neck. The results of this test are nonspe-
ci� c, however, and may also re� ect alco-
hol intake, a stress response, trauma to 
the face or abdomen, or other factors. 

 At the same time that an initial 
blood sample is taken, it is advanta-
geous also to collect 10 mL of blood in 
a lithium-heparin vacuum hematology 
tube (eg, green-top Vacutainer) to send 
for radiation  cytogenetic biodosimetry  by 
way of chromosome aberration  analysis, 
if indicated (a sodium-heparin tube 
is acceptable but not preferred; keep 

Figure 4 Figure 4: Early 
laboratory indications 
of exposure to ionizing 
radiation. (a) Top image 
shows time-dependent 
lymphocyte depletion 
kinetics following either 
severe or moderate 
radiation exposures. As 
early as 6�12 hours 
following exposure, there 
may some indication 
of the severity of the 
exposure (56�58). (b) 
Bottom two images 
show a stylized time-
dependent response 
model of the various 
peripheral hematopoi-
etic components to an 
acute 1-Sv (100-rem) or 
3-Sv whole-body dose. 
The concentration of 
neutrophils, in particular, 
passes through a poten-
tially lethal nadir about 
a month after exposure. 
The timing of the pro-
cesses indicated here 
depends strongly on the 
dose and on the physiol-
ogy of the individual.

Table 9

Lymphocyte Depletion Kinetics for Acute Whole-Body Irradiations

Lymphocyte Count by Day (3109/L)

Dose (Sv) 0.5 1 2 4 6 8

0 2.45 2.45 2.45 2.45 2.45 2.45
1 2.30 2.16 1.90 1.48 1.15 0.89
2 2.16 1.90 1.48 0.89 0.54 0.33
3 2.03 1.68 1.15 0.54 0.25 0.12
4 1.90 1.48 0.89 0.33 0.12 0.044
5 1.79 1.31 0.69 0.20 0.06 0.020
6 1.69 1.15 0.54 0.12 0.03 0.006
8 1.48 0.89 0.33 0.044 0.006 ,0.001

Note.—Baseline mean absolute lymphocyte count is assumed to be 2.503109/L. Data used, with permission, from the REAC/
TS Accident Registry.
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toms of radiation injury and/or illness 
might not appear for hours to days and 
sometimes weeks. 

 Exposures as low as 1�1.5 Sv (100�
150 rem) can require the use of anti-
emetics and close attention to � uid and 
electrolyte balance. Loss of � uids and 
electrolytes can be particularly problem-
atic in infants, children, and the elderly. 

 As the dose increases to greater than 
about 2 Sv, vomiting may be  severe, albeit 
short-lived, on the order of 1�2 days. 
Antiemetics such as the phenothiazines, 
like prochlorperazine (eg, Compazine) 
or chlorpromazine (eg, Phenergan), are 
not very effective for radiation-induced 
vomiting. 5-Hydroxytryptamine 3  (5HT 3  
or serotonin) receptor inhibitors like 
ondansetron (Zofran) or granisetron 
(Kytril) may be called for. These will cer-
tainly be required should doses be high 
enough to cause the gastrointestinal syn-
drome. Pain control should be provided 
as necessary with oral, intravenous, or 
intramuscular medications. 

 Antimicrobials will not be needed im-
mediately following an R/N incident be-
cause radiation-related infections will not 
appear for days. Even those who  appear 
to make it safely through the early stage 
of their illness, however, do face a serious 

cellular irregularities in a patient can be 
compared ( Fig 5b and 5c ) ( 60 ). 

 Unfortunately, culturing lymphocytes 
takes 48 hours, and performing the di-
centric assay itself is time consuming. 
Moreover, there are only two laborato-
ries in the United States capable of con-
ducting dicentric chromosomal analysis, 
at REAC/TS and at the Armed Forces 
Radiobiology Research Institute (Bethesda, 
Md); obtaining  assay results may take up 
to a week after small incidents and much 
longer following mass casualty events. 

 Immediate General Medical Care and 
Monitoring of the Heavily Exposed but 
Potentially Salvageable Patient 
 The standard medical management of an 
individual with an acute but pot entially 
survivable radiation exposure  ( 61�64 ) 
starts with good medical, surgical, and 
supportive care. Within hours of an R/N 
incident, acutely life- and limb-threatening 
medical and surgical conditions are the 
� rst priority, while a medical history 
and the history of the event are being 
collected. Once the patient is stabilized, 
the clinician may then pay attention to 
the management of direct exposure and 
of external and internal contamination, 
bearing in mind that the signs and symp-

are  dicentric chromosomes , with two 
centromeres ( Fig 5 a ). Dose-response 
curves for the numbers of dicentrics in 
cultured peripheral circulating lympho-
cytes have been developed ( Table 10  ), 
but their interpretation should involve 
trained biodosimetrists. Dose-response 
curves have been developed for vari-
ous radiations against which numbers 
of chromosome aberrations and other 

Figure 5

Figure 5: Biologic effects resulting from radiation-induced damage to DNA molecules. (a) Metaphase spread of cultured lymphocytes, with radiation-induced di-
centric chromosome aberrations indicated by arrows. (b) Binucleated lymphocyte from a cell culture, in which the micronucleus resulted from damage that prevented 
the cell from dividing normally at mitosis. (c) When such structures are quanti� ed and compared with a standardized dose-response curve, the radiation dose to 
the patient can be estimated. This �in vivo� micronuclei dose-response curve, generated from patients undergoing fractionated radiation therapy, demonstrates the 
estimation of an equivalent whole-body radiation dose to the patient. Clinical studies such as this are few, but important, since they lend increased clinical credibility 
to this radiation biodosimetry assay for the individual patient. The usual �in vitro� tissue culture assays cannot and do not compensate for the internal biochemistry 
 existing in the patient at the time of the radiation exposures. A similar type of biodosimetry analysis involves quantifying dicentric chromosomes in the lymphocytes. 
MN BN = micronuclei in binuclear T-lymphocytes, M = 95% con� dence bounds for the mean. Figure 5a and 5b courtesy of Dr Gordon Livingston, REAC/TS Cytoge-
netic Biodosimetry Laboratory, Oak Ridge, Tenn. Figure 5c reprinted, with permission, from reference 60.)

Table 10

Chromosomal Aberration Analysis of 
Dicentric/Acentric Forms That Are 
Pathognomic for Acute Whole-Body 
Irradiation

Dose (Sv) Per 50 Cells Per 1000 Cells

0 0.05–0.1 1–2
1 4 88
2 12 234
3 22 439
4 35 703
5 51 1024

Note.—Two different samplings were made of the same 
set of cells irradiated to each dose level. The results 
indicate that in a crisis, a 50-cell count may be about as 
reliable as the much more time-consuming (2 days) 
standard 1000-cell study, since the two exhibit nearly 
the same dose-response relationship. Used, with 
permission, from the REAC/TS Accident Registry.
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provide an effective screen for the pres-
ence of internal contamination in a pa-
tient not contaminated externally. Also, 
scintillation detectors routinely avail-
able in nuclear medicine departments 
and in medical and health physics labo-
ratories may be able to detect gamma 
emitters, including those excreted in 
bodily � uids. High-energy beta radia-
tion may also be detected by the use of 
GM probes and scintillation detectors. 
Alpha and low-energy beta radiations, 
by contrast, are much harder to sense, 
particularly in the mass casualty envi-
ronment. Identifying plutonium, for ex-
ample, requires use of special detectors 
or alpha spectroscopy. 

 Once inside the body, nearly all ra-
dioisotopes behave chemically exactly 
like stable isotopes of the same element. 
The management of internal contamina-
tion is thus much the same as the treat-
ment of poisoning, and it is carried out 
best by emergency physicians and medi-
cal toxicologists. It may be possible to 
reduce uptake and/or hasten clearance 
of radioisotopes with standard decon-
tamination and detoxi� cation techniques 
such as with antacids or a cathartic such 
as castor oil or magnesium sulfate. 

 In some cases, when there is rea-
sonable suspicion of signi� cant internal 
contamination and the radionuclides 
have been identi� ed, speci� c medical 
countermeasures exist ( 68,69 ). These 
should be used as soon as possible, 
since delays in administration may 
render them less effective or useless. 
Following a large release of radioac-
tive iodine, which is unlikely with a ra-
diologic dispersal device but probable 
with a nuclear weapon or power plant 
incident, public health of� cials may rec-
ommend administration of potassium 
iodide (KI), especially to children and 
pregnant women ( 70 ). Radioiodines 
are known from Chernobyl data ( 71 ) 
to cause thyroid injury and to be car-
cinogenic, especially to the fetus and to 
children under 18 years of age. If taken 
within 4�6 hours of contamination, sta-
ble iodine in the form of nonradioactive 
KI saturates iodine binding sites within 
the thyroid and inhibits incorporation of 
radioiodines into the gland. If the indi-
vidual remains in a contaminated area, 

 The nature of the subsequent radia-
tion exposure is strongly in� uenced by 
the physico-chemical form of the con-
taminants and their radioactive decay 
characteristics. The form of a radionu-
clide dictates its level of solubility (and 
a given isotope may exist in both soluble 
and insoluble forms), hence its potential 
for passage across membranes into cir-
culation. A soluble radionuclide will be 
more readily absorbed, and it is then 
distributed within the body according to 
biokinetic principles. Insoluble particles, 
by contrast, tend not to cross mem-
branes well, and their ultimate disposi-
tion and biologic effect will be controlled 
by factors such as their size�which de-
termines where they may become lodged 
(eg, at bifurcations of the bronchial tree.) 
The effect of insoluble isotopes may thus 
be more localized than that of more 
soluble forms of the same chemical. Fi-
nally, the eventual spatial distribution of 
the contaminants and their radioactive 
decay characteristics together determine 
the deposition of radiation dose. 

 Contamination around the mouth 
or nose, or persistently high readings 
of gamma radiation from a survey me-
ter after repeated external decontami-
nation efforts, may indicate internal 
contamination. Suggestion of internal 
contamination by positive nasal or oral 
swabs should be con� rmed through bio-
assay monitoring of feces and urine and 
possibly of blood. While dif� cult (and 
perhaps impractical) to carry out during 
a crisis, it is advantageous to estimate 
the amount of intake of radioactive 
material by bioassay or by whole body 
counting, as soon as possible. The Cen-
ters for Disease Control and Prevention 
is currently developing protocols to con-
vert thyroid scanners, gamma cameras, 
and other radiation detection equip-
ment commonly found in hospitals for 
use as whole-body counters ( 67 ). 

 The ability to detect internal con-
tamination depends strongly on the 
types of radiation released by the of-
fending isotope(s). Gamma-emitting 
isotopes, for example, can normally be 
detected and identi� ed quite readily by 
equipment such as Geiger-Muller (GM) 
probes. Holding a GM probe to the 
sternum or between the clavicles can 

danger of potentially fatal sepsis when the 
neutrophil count passes through its nadir 
( Fig 4b ). The greater the dose, the faster 
the nadir is reached. Following radiation 
doses high enough to cause signi� cant 
ARS, prophylactic and infection-directed 
antibacterial, antiviral, antifungal, and 
occasionally anthelminthic agents will be 
required, along with infectious disease 
specialty consultation. 

 If an acute whole-body dose of over 
2 Sv is suspected, cytokines or colony-
stimulating factors may be appropri-
ate, along with hematology specialty 
consultation. Cytokines stimulate the 
production, differentiation, and replen-
ishment of various kinds of white blood 
cells and have been shown in controlled 
animal trials to signi� cantly increase the 
likelihood of surviving high whole-body 
doses. Some examples are: granulocyte 
colony-stimulating factor (G-CSF) (� l-
grastim, Neupogen); pegylated G-CSF 
(peg� lgrastim, Neulasta); granulocyte 
macrophage�colony-stimulating factor 
(sargramostim, Leukine). The Strate-
gic National Stockpile of the Centers 
for Disease Control and Prevention has 
been provisioning Neupogen for use in 
increasing the neutrophil line in  humans 
following a high radiation exposure ( 65 ). 

 Bone marrow stem cell transplants are 
usually reserved for victims of 6�10-Sv 
doses without comorbid conditions. But 
the experience with transplants in acci-
dental radiation exposures has not been 
promising. Such patients will have a much 
better chance of survival if transferred 
to a facility that specializes in manage-
ment of critically ill pancytopenic indi-
viduals. The Radiation Injury Treatment 
Network of the National Marrow Donor 
Program ( 66 ) is developing a network 
of specialty treatment facilities and sce-
narios for management of patients with 
signi� cant cytopenias. 

 Diagnosis and Medical Management of 
Internal Contamination 
 As suggested above, the routes by which 
contaminants gain entry into the body are 
limited: inhalation into the respiratory 
tract, ingestion into the gastrointestinal 
tract, percutaneously by transdermal ab-
sorption through normal skin, or through 
open wounds, abrasions, or burns. 
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Appendix E5 (online). In urgent situations, 
three national centers and a Web site that 
can provide immediate and valuable guid-
ance and assistance are as follows: 

 Armed Forces Radiobiology Re-
search Institute (AFRRI) (Bethesda, 
Md), Medical Radiobiology Advisory 
Team (MRAT), U.S. Department of 
Defense. Web site: www.afrri.usuhs.mil. 
Phone: (301) 295�0316. 

 Centers for Centers for Disease 
Control and Prevention (CDC) (Atlanta, 
Ga), Emergency Preparedness and 
Response. Web site: www.bt.cdc.gov. 
E-mail: cdcinfo@cdc.gov. Phone: (800) 
CDC-INFO. 

 Radiation Emergency Assistance 
Center/Training Site (REAC/TS) (Oak 
Ridge, Tenn), U.S. Department of En-
ergy. Web site: www.orise.orau.gov/
reacts, Phone: (865) 576�1005. 

 Radiation Event Medical Manage-
ment (REMM), U.S. Department of 
Health and Human Services. Web site: 
www.remm.nlm.gov. 
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